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#200, 1— 3.4 094 5 

imm^] mmm 

X jf z 

0.5, y^O, z^O)mSrf!gilt-SZ:ilS:#^i:t-^m^:^l ^feli2{C|H«(5DIIIV 

{cia«® 1 1 1 vi^^-fbi^MooS^it^iS. 

[11^:^5] M0GVD^lCj:oT»^±{CAljjGayIn2N(7t;ebx+y+z=l, x^O, y^O 
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#200.1 -3,4 094 5 



>^-r:^'x^®;Kj;s;iCcfc v^^^n^^mmti^^. i)-'\zzf-$t^:;rLrmm^ 
xm^L, R}^m<7)m(Dm^^^M^a-DxmmLr:iz.t^nmt.-t^m^m5 

o • 

\z^^x'-i^n-t^^o\zm^hf=.z.h^s^^t.-t^m^^^Kt^m(Duim^it 

[0 0 0 1] 

(Metal Organic Chemical Vapor Deposit ion: MOCVD) ^{C j: o T IllVi^ 
^itmBi. #{CAljjGayIn2N(fcfe'Lx+y+z=U x^O, y^O, z^O)Jl&xtr^ ^i/ 
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[0 0 0 2] 

±KlUmmit<^m. #{CAl,,GayIn/(fc^bx+y+z=l, x^O, y^O, z^OM^ 
jL\^ii^iy^)V^M^^^^^t>^^^^^'^^'^- ^(^Al^Gayln^NCfcfc'bx+y+z 
=K x^O. y^O, 2^0)|^<7)xtf^:3pe/^;Vfi^A>^n-fe>^i:b"Cli, =Se5Rj:UM0C 
VDCMetal Organic Chemical Vapor Deposition)^*^^e>tlT J3 U , SsfiT'^ife 
^I:^^1=Bxfc:°^^i/^;i/ (Hydride Vapor Phase Epitaxy:HVPE) ^fe^^StlT 

[0 0 0 3] YLVFEmX'G^m^^m-t^m^l^it. ^®lCGaN^m$:?^^bfc-9-7 

jvm^^'^^m^mmmrji^m^mitmmm fimx&^ HVPE^T-caNi^ ^ x 
oT, HVPE'^ii, mzmm<Di<^^jiium^itmm^m^-t^m'^i^m^n^nm 

[0 0 0 4] b*^b5&>^)^e>> HVPE^T'tt, a^^^tt§:^-tSAl^GayIn/(fe^ 
bx+y+z=l, x^O, y^O, z^O)i^;bM# tvJC < V^ i:^lCS«WT*(D)^j?®^l&*'^ 

[0 0 0 5] MOCVDiS"eAlxGayIn^N(fcfe'bx+y+z=U x^O, y^O. z^O)M 

$:^iit-sm^ic«, mmmuK^'oxm^o^umizmm^nn^^^'^^^-ti^^ 
rii7.h-mzmKh. Mm^miLry^^-rho^Kmz.x^xkx^Q^^u^utc 

f£bx+y+2=U x^O. y^O, z^O)T'*t)$tlSlli> 1" J5et>t.T;i/^ -'t'-^^^t)^ 
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[0 0 0 6] 

[0 0 0 7] v-fy^Lfjiiii^. :i<D^oK^i^m(DE!^m<D^m^m^y^^y]^y^ 

AlNM^r;i/^ U ^y^;&AljjGayIn2N(;t^Lx+y+z=l, x>0.5. y^O, z^O)!^?:^ 
l^-tS^-^, GaNJ^-^T;i/^ :/r^AljjGayInjjN(fcfc'Lx+y+z=l, 0^x<0.5. y^O 

, z^o)Micit^T^^j:<^M'r'5ri:*^-e^^VNri:S:5i7?)^i?)feo ^<Dmm 

SrS^^lrfb^^^, AlNM^r;i/^ U ^y^^Alj^GayIn^N(;t;*^Lx+y+z=l, x>0.5 

»y^^Alj^GayIn^N(7^:^bx+y+z=l, x>0, y^O, z^O) mCD^M>?)'5|JlW$ tlT L * 

[0 0 0 8] S&IC, ««$:3£KFt--5-9-i2^^$:>K^5^(5DT{ilCjSefib, S^S: 
±lRl^lCbTAlN|^^T;i/^ U *y^;&Al^GayIn2N(fe;eLx+y+z=U x>0.5, y^O, 

, ■^(Dm^izrjis.-^i^mtmiimm-^n. z<Dmm^nrz.r)is,::.^Msm^t 
mtimwL±izmr-t^^^iztjt:s>(Dx. ^Wfjtm^^m-t^kim'^rjv^ u ^ 

•5^:feAlj^GayIn2N(fe^bx+y+z=l, x>0.5, y^O, z^O)|^S:^i^-r 5 ^ :«)^T'^ 
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[0 0 0 9] M0CVD^ST'Al^GayIn2N(:/^^L/X+y+z=l, x^O, y>0, 2^0)jlS:Xtf 

tmmLX'e:nzmm^ii^(D^m±'t^r:ii!b<D^mt)K i^m^i o-i e ? s 

8 3^^m. iSfl 0-6 7 8 8 4#<at#fei:tJf|^l 0-1 0 0 7 2 6.#^#ICM 
^$^lTv^s„ Btf 2 ocZ)<ii:#{cfH«$tife Ml^^;!?*::^ lc#A 

'*^^':f^(D±mm^iz'^mmM^mii'fx. m^mmizm-t&mn^:^(Dum^^ 
[0 0 10] ^ti^<D'ii^mmm:^mif^^tiz^^x. BLmm^(Dmn:ffy^0m. 

o 

[0 0 11] $^{C, t^&5f$(D:^l£Ttt, aig±{C^jl$tlfeAl^Ga^In N(;^^Xx 

jl y £, 

So #tc, Sgjgn::^ hS:Tlf-5 7£:i*lc, L Teg <Z):A:^;S: 1^7x7 t> M;i 

\t3>(y^^:n.yri)^^m-^t\>^^'^\ztj^'oX^r^iS^. Z(D^oiz±^t£^3iy 

[0 0 12] ^fe, M^51?S:SittlcgH«L, ■g-cop^gpica^Sr^^c^pic^^L, M 

/Sl=®±S*^&MJ^^:^::^$:^-v V rif7.tPkizmALxnimM^tmm^mm-t 

[0 0 13] ±azEbfet^3f50^®^,S:®?-^L, MOCVD^SfefC J: o 
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#2 0 0 a —,3 4 0 9 4 5 

[0 0 14] ^mB(Dm(DBmit. MOCVDiSlCjCoT^'l^^^^^f^Alj^Gayln^NCfc 
[0 0 15] 

[|gMS:«?S^-r-5 ^«?)®^|g] 

. mm^miS:^t:ry'E=-r:ffxt<D^miz^i)^m^n^±mmtm^. tarn 

3 4X fcif 12 y fC J: o T $ § -err A 1 j^Gay In^N ( 7^ b x+y+z=l 

, x^O, y^O, z^0)m&xtr^dr2/-Y;i/^!g;R$-ar^lC^^U, ilitg^ 

[0 0 16] z(Dj:ofst:^^miz^^uivmm^t!^m<DmT^:^m^mm-r^m^ 
izit. ■^±^'$(^R}t^tsp^^^o)j^^]^iz^(7)mmi)<±^\^<ji:oizmmL. 

±lZ^W^nr^m^(D±iZkl^Giyln^}mrcrc:Lx+y+z=U x^O, y^O, 2^0)M& 
< J:-^ICBBSL/, a^CDTfBj^®^®lCAljjGayIn2N(fefe'bx+y+2=U x^O. y^O 

[0 0 17] :$i^miz^^iummtmm(DmM:^m<Df^mfjimmmizi3\^xit 

^i^izmALXr^V^ V ^^^fj^k\^Giiylti^li{r=.fdLx+y+z=l^ x>0.5, y^O, z^O) 

:^^R}^^mzmALXkim^^m-t^:iiiti^x^^o 3CDj;e)icbT4#ffi*^ 

^^ft?*Si:^{CS«p^|^ji[^|&(Z)^-^V>T;i/^ U »:/^^Al Ga^In N(fe^Lx+y 

X jf z 
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+2=1, x>o.5, y^o. z^o)m'pkim^^t>&>xm^^mmmmx-mm^<mm-t 
[0 0 18] tfc, ^mMiz^:^iiimm^tmmo)m7^:^miz.i5\^^x. Aica^m 

ZnO^MS, LiAlOg^^^, LiGaOg^^^, MgAlgO^^M^, UOS^I^^tjtE 
(Dmitm^m^. Si#3g^, SiC#^^^ih*©IV^^fe5V^^j:IV-IV^^#MS, CaA 
s#M^, InP^Jl*^, AIN^Mh^, GaN^M^, AlGaN#J^^;& - V^^lg 

C#^S^ifOIV;^^5VMiIV-IV;^#^^, GaAs^^^, InP^^^, A1N#^ 

GaN#.^^, AlGaN#|g^;^if®III-V;^#M^, V^^± m 

^ ^ S X tf ^5? :^ ^ ;t § X tf ^ dp >> ^ 5: M V ^ § z: % T' ^ S 

o 

[0 0 19] $^tC, :^^mit. M0CVD^lCj:oTS«±lCAlj^GayIn2N(fe^bx+ 
y+z=l, x>0, y^O, z^0)m$:xtl°^^S>'-v;i/^:R$i±-5,iSfi(CfeVNT. ;^<¥tC 

LT;!)nl|fe$tlfeS«JCii^$i±TAlj^GayIn2N(fe:eLx+y+z=l, x^O, y^O, z^O 
) X If ^ dr -V $ i± -5 r i: #M f -5 % CD & -5 o 

[0 0 2 0] :^w^\z^^\\\mm^mmo^^'m.mm.<r^nmfAmMm\z.i^^^x\% 
i5mz^xmsi(D±Mm(j^%^}L(j^w.i5^'^n-t^ ^ e) jc^^i^-r-g,., z®^-^. 
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b T M v> S h *^T' ^ 5 o 

[0 0 2 2] ^mmiz^^iumm^tmm<Dm^Mmm<Dm(D^mrjtmmmizi5\^^ 
[0 0 2 3] :^mm\zii^iummtmm(jy%'^^u<D'^ib\zm<onmt^mmm 

i:^xmM^nir^2;:'^\zm^t^. ^©J:^)^^^^:^-^:!^^^: y IIIVJ^^ 
[0 0 2 4] 

mv^o^m&o^jf^m'] '^yr>(rmwL<D±\zk\m^^m'^^:^^m\z 

^i^x^^yr^rmm.^m^oyumziim'^^inwmm.i An^mnt^. z.<d 
[0 0 2 5] HfS^i KD^mzit. BL]^mmzw.ms7.^iiXS^^^)rii7s^ 
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# 2 0 0 ,1 -,3 4 0 9 4 5 
7 tl^mif&o m 1 iB^XJ^f^ 2 (Dm Ami 5fej:t)f l 6lC^oT#ASti;t h U 

ti;^^m-e ^ ti ^ o^'x b ^ v^ i: e) b T -5 o 
[0 0 2 6] ©^cfcyfifesM^s^i i(Dcft:ftgi$(D^M®icii, •y-^T'frs^Ki 

mi^ummmmnz i j3j:r)f3j<>^2 2 $:ST?tsiit;^>>!r«y h 2 o(Z)^>^icm^ 
[0 0 2 7] -i?-7T-rra^si 2it. mmmui 4 icj:-oTi*i^ 1 000° c® 

[0 0 2 8] m2it:^^miz^^iinm^'it<^^(Dm^Mmn(Dm2(Dmmm(Dm 
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[0 0 2 9] 1 V^) :^^)Vy)\y\-^h.i^7.^i^mi^7^iL 

^(C^A-tSHK^^A^l 5^, T>^-T;i/XS:#A-tS||2(D#A^l 6 
^0t7^«^mj:»J^S:¥-\'UT:;?/X&#At-SS3CD#A^l 1 iL^Wri 
, HI feJ;tJ^I|2<Z)#AWl SfecfcU^l 6lCJ:oT^A$tlfe hU^5^;i/T>n/^ 

[0 0 3 0] 2^MT*tt, ^KJESWii®. :«f:^CDM4x^lRl{cMT'9-:7y>r r»«i 
1®, J:^M?:?^*|It-Sfe«)®l|2®?^SPi;^>?ry h 3 0 H 1 CD^^iP 

-egM^^fi2 lfe<fctJf||l®3K>^2 2S:MTHl®?^SPi;^>^^y h2 0 ©flBSg 
{C^MfSo nW,z^ ll2®?^S|Ii;^^ry h 3 0®-5gS:||2<Z)^#:?^*|I^@3 
1 feJ:?Jf||2(D3}<>>^3 2 ^mX%^(DnnV^fTV h 3 0 ©fifij^C^SMi-'So 
^M-rii, %\lBiirf%1(j^'-i^nV^>Tv N2 0 jScktJfS OJC^LT-eti-rtiH 
1 iBi.XSm^<n>WkW^nmm.1 l fei:t)f3 l i:, hi ^<i:tJfm2©3K>y2 2^3 
i:tJf3 2S:gfJMlc^ltfe:*^, 3ti^®^#:?^^^gfe J;rJ^jJ<>:;^&^^®i:1-S 3 

[0 0 3 1] T^lgSfeMtC^VATli, l|lJ3j:t>*H2®;^SPe^>>?r^y h 2 Ofe j:tJJ 
3 0&MT<£M{cilif$tife?^*|l^#:^M^$-B:S3i:{ci:y, 1<3DW 

If s r ^ ^ § ©T', h U ;i 5^;i/T;1/ ^ - <:7 A;!/ ^ ^ T > ^-r >^ cd^^ 
[0 0 3 2] gI3«*^^lCj:SIIIVi^M'fbtlM®iSitafi(3Dll3CD||J6M<3D=il 
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. #2 0 0.1 -3> 0 9 4 5 
[0 0 3 3] 2^M^CfeV^-C^±, S^J:»;f!&S;^|i&^l 1 (Z)«l^^#:S:Ht?5m: 

y.m&,m(D3'^^^mt}^o\zm^(Dimv^r^v h4 3 srtgi^, c:tie>ii3~ii 

e;-v>^^y h4 1 ^j:tK4 3 iiA'^7i/>y4 0 $:fflt^J;^{c|g^:j•^o J&fe, mate 

^3V^T^±, gIffi$:fSqgi:1-S^i?)lC, Hi 5 ®?^*|ie^>>r h 2 0 , 3 0, 

4 1-4 z\zumum-^ntc.'^ni\^^nn-^^^t^i^<j^i^y^^^^'^nmwm. 

[0 0 3 4] 04tt, 2^|§^{Cct-5IIIV|^^^b^li®$g5taS®||4©||J6M® 

mm-r^BD^-miDp^^o)^, mmi i h^^^-t^m^^-k^-i^nv^fT^y h2 o^c^fc 
ij7.(Dm,i^ijmz%x. mwi(D±Mmo^n'^^^2<K>}^mv-^^-j oxm.m 

[0 0 3 5] i-^t>*>, :an^^}m^B.mmi KDmtAi^^^m.^^'^^z^i 

$:I^VN^t5iST^:$)'$:^e> j:e»tcH2(Z>?^SP2^>>r^y h 5 2 -^Wd. ^It^O^i'S. 

H 1 (D'^mmi^ummmmm 53t3j:tj«HicD7j<>:^54S:MTiii®?^spi^> 
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[0 0 3 6] E|5«, 0 3 JC^Lfe^^H^{Ci:S|^ig^«®m3(Z)||MMfeJ:tJf 

mm^mtmtmi:^ nhtco ^^<Dmmmmx<D^mmmito.5 fimXhTx^i^^ 

•t^n4:Commmxm^mi.2fimyhrtm<^'DX^*j. *^^icj:s$g)t^ 
mz^nimmBk<mm^no:iti>^x^^:it.f3^^if)^^. 
[0 0 3 7] meit. m4izBLr^:^mmiz^^m'^mm(Dm4(Dmmmizi3\,\ 
X. 3^y^':7:r.y7izkim^^m\^rct^<Dmm<o^^^^-t^'^yx&^ 

^g(Ci:tllf, ®«(^:^^J&3 -r>^'i7X>' T^ra^Mf^^-^tCt; 1^01:7 tW® 

[0 0 3 8] ^mmit±j&Lr=.mmmiz(D^mm^n^^(Dxitt^<. m^cD^ 

ll't<5^-a'lC^t^rj{Ci@M'rSZlil*'?T?^S*^, -l^fCAl Ga Tn ,N(fe;^Lx+y+z=l 

, x^o, y^o, z^o)m^mm^^m-^izmm-t^'t^ztfi^x^^. ttcmm 

It. -^yr^rmU^m, ZnO^Ma^, Lim^mmm. LiGaOg^^^. MgAl204#^ 
-im^H^^. GaAs#^^, InP#^^, AlN^jg^, GaN#M^> MG^mU^^Jt 

nP#^^. AlN^i^g^, GaN^lg^, AlGaN^M^^l if ® III- Vi^#S^^, fe5V> 
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#2 0 0 a -,3j4 0 9 4 5 

[0 0 3 9] se>ic, ±7&i^r^m4:<Dmmmx'it. a^<fcu^^^^E:^i i^^^ 
M®ic::^-r> uy^m^ ^)^&'^mv^^^y h 5 1 33 j:t5 5 2 ^mmt^ i: e) less 

[0 0 4 01 ±7&Lr=.^oiz. :^^mK^&iummitmma>m^-^mi5^r:^m 

S^M^-fbl^co^l^lia^f ^ =fo ® ^1 3& s o 

[0 0 4 1] $^fC, ;^^|§^lC^V^T^i, Ml^Slf (^-^^^r^i^T-J^fi^b, ffiCD 
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f 



Ifx ^2 0 0 a -.3/ 0 9 4 5 

11 12 13 -t^i2>^^. 14 iD^^M, 15, 

16. 17, 4 4 iS7.mAm> 1 8, 1 9 ^'-f K^, 2 0, 3 0, 4 1 
-4 3, 5 1, 5 2 ?^*Pi;-Y>!r>y h, 2 1, 3 1, 5 3, 5 5 ?^*tI^#:M 

mmm^n. 22, 32, 54, 5 6 23 i^^^^h, 4o 
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4^2 0 0 .1 — 3 4 0 9 4 5 
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#200 J. - ;3 4 094 5 



[04] 
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#2 0 0 



.1 



4 0 9 4 5 



[135] 




me] 



15000 



r-. 10000 - 



s 



5000 - 




-40 -30 -20 -10 0 10 20 30 40 

iSnM Dun] 
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[^^0] 0 1 
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